3D laser scanning point cloud data is the basis of free-form surface modeling technique. This paper focuses on the preprocessing of the original point cloud data. Techniques including denoising step using wavelet transform, data reduction and mending using Image ware are discussed in details. Surface reconstruction is finally achieved to demonstrate that the proposed data preprocessing methods improve the easy realization of point cloud data with higher accuracy and faster speed, and thus take a closer step towards the real applications in 3D laser scanning field.
Introduction
The 3D data visualization technique offers users to see physical objects through 3D data obtained from sensors. As creating graphical information that is easy to understand, 3D data visualization is one of the most discussed topics and key parts of reverse engineering.
Based on electronic, mechanical, computer and many other high-technologies, a 3D laser scanner is a new type of data acquisition instrument, and 3D laser scanning mainly targets the spatial and structural information of an object in order to obtain 3D coordinates of its surface. As the spatial information of a physical object can be directly transferred into digital signals after the 3D scanning process, it becomes more and more widely used in various industry areas.
3D laser scanning data, also called point cloud, features huge quantity of data with uncertain noise. However, the surface reconstruction requires even, regular and adequate amount of data. Therefore preprocessing must be applied in the first place.
This paper focuses on the preprocessing techniques of original point cloud data of a real tunnel. Denoising step using the wavelet transform is presented and tested. In addition, data reduction and mending using Image ware are also discussed.
The paper is organized as follows: section two gives out the whole preprocessing flow chart of point cloud data. The third part describes three preprocessing steps respectively. The final part shows the reconstruction results. 
Flow Chart of Preprocessing Steps

Preprocessing of Point Cloud Data
Data Reduction
The huge quantity of the original point cloud data may slow down the reconstruction of the surface, therefore the data reduction process must be gone through. Various algorithms dealing with data reduction can be found in [1] [2] [3] [4] [5] [6] [7] [8] . As space is limited here, detailed methods will not be described in the paper.
Noise Reduction Based on Wavelet Transform
The wavelet transform is adopted here to reduce noise and smooth data, while keeping the detailed information of the signal. Both db8 and sym6 are chosen here. According to the experimental results, the db8 wavelet base achieves better results.
Data Interpolation
The original point cloud data is not even in density. Due to the lighting condition and other uncertain factors, black holes exist within the data. In order to meet the surface reconstruction requirement, data interpolation must be applied.
To ensure higher accuracy, NURBS curve fitting, as shown in Eq. 1, is used here. 
Where i P is the positional vector of the zenith, ) ( , u N k i is the k th-order B-spline function, and i W is the weight of i P . Apply the least square algorithm to fit curves based on Eq. 1 and curve equations of point cloud data can be obtained.
Experimental Results
All experiments are conducted in Image ware platform. After preprocessing and surface reconstruction, the 3D view of the original tunnel can be seen in Fig.2 . The paper discusses preprocessing techniques of original 3D point cloud data, mainly targeting the denoising step based on the wavelet transform, data interpolation using NURBS. Also the whole preprocessing procedure and surface reconstruction are experimented in the Image ware platform to compare between the visualization of a tunnel with and without the preprocessing procedures mentioned in the paper.
Future work should be focused on detailed algorithm design in each preprocessing step and surface reconstruction.
